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Abstract
The Nacatoch Sand in northeastern and southwestern Arkansas and the Tokio Formation in southwestern Arkansas are sources of groundwater for agricultural, domestic, industrial, and public use. Water-level altitudes measured in 51 wells completed in the Nacatoch Sand and 42 wells completed in the Tokio Formation during 2014 and 2015 were used to create potentiometric-surface maps of the two areas. Aquifers in the Nacatoch Sand and Tokio Formation are hereafter referred to as the Nacatoch aquifer and the Tokio aquifer, respectively.
Potentiometric surfaces show that groundwater in the Nacatoch aquifer flows southeast toward the Mississippi River in northeastern Arkansas. Groundwater flow direction is towards the south and southeast in Hempstead, Little River, and Nevada Counties in southwestern Arkansas. An apparent cone of depression exists in southern Clark County and likely alters groundwater flow from a regional direction toward the depression.
In southwestern Arkansas, potentiometric surfaces indicate that groundwater flow in the Tokio aquifer is towards the city of Hope. Northwest of Hope, an apparent cone of depression exists. In southwestern Pike, northwestern Nevada, and northeastern Hempstead Counties, an area of artesian flow (water levels are at or above land surface) exists.
Water-level changes in wells were identified using two methods: (1) linear regression analysis of hydrographs from select wells with a minimum of 20 years of waterlevel data, and (2) a direct comparison between waterlevel measurements from 2008 and 2014-15 at each well. Of the six hydrographs analyzed in the Nacatoch aquifer, four indicated a decline in water levels. Compared to 2008 measurements, the largest rise in water levels was 35.14 feet (ft) in a well in Clark County, whereas the largest decline was 14.76 ft in a well in Nevada County, both located in southwestern Arkansas.
Introduction
As a renewable resource, groundwater is important for economic growth and quality of life. Monitoring of groundwater levels and withdrawals provides information needed to effectively plan and manage this renewable resource. Groundwater in Arkansas is used for agricultural, domestic, industrial, and public use. Groundwater resources have been subjected to increasing withdrawals for many years, raising concerns that water levels will not rebound to previous levels. The withdrawals from the Nacatoch aquifer occur in northeastern and southwestern Arkansas and from the Tokio aquifer in southwestern Arkansas.
As part of groundwater monitoring efforts, a study was conducted by the U.S. Geological Survey (USGS) in cooperation with the Arkansas Natural Resources Commission and the Arkansas Geological Survey to measure water levels and to present the data as potentiometric-surface maps, waterlevel difference maps, and long-term water-level hydrographs for wells screened in the Nacatoch aquifer in northeastern and southwestern Arkansas and the Tokio aquifer in southwestern Arkansas. Potentiometric-surface maps were created from measurements made in 51 wells completed in the Nacatoch aquifer and in 42 wells completed in the Tokio aquifer during 2014 and 2015. Water-level difference maps, long-term water-level hydrographs for selected wells, and groundwaterwithdrawal data from 1965 to 2010 were prepared for this report.
Study Area
The study areas of the Nacatoch and Tokio aquifers comprise parts of 10 counties in two areas of northeastern and southwestern Arkansas. The Nacatoch aquifer is divided into two study areas. The northeastern study area includes most of Clay and Greene Counties in the Mississippi Alluvial Plain physiographic section ( fig. 1 ). This area is bounded on the north and east by the Missouri State line and on the west by the western extent of the aquifer. The southern boundary of this area is defined by the southern extent of water withdrawals from wells screened in the aquifer. The southwestern study area includes parts of eight counties (Clark, Hempstead, Howard, Little River, Miller, Nevada, Pike, and Sevier) in the West Gulf Coastal Plain physiographic region ( fig. 1) .
The Tokio aquifer study area covers the same counties as the southwestern Nacatoch aquifer. This area is bounded on the north by the Fall Line separating the Interior Highlands from the West Gulf Coastal Plain, on the west by the extent of use and the availability of wells, and on the east by the eastern borders of Clark and Nevada Counties. The southern boundary of the southwestern study area coincides with a freshwater-saltwater interface. To the south of this interface, the groundwater is considered saline (more than 1,000 milligrams per liter of dissolved solids) and is not suitable for most uses (Boswell and others, 1965; Petersen and others, 1985) .
Methods

Water-Level Measurements
Water levels were measured by USGS personnel during 2014-15 in wells screened in the Nacatoch and Tokio aquifers. Measurements were made with electric or steel tapes graduated to hundredths of a foot. The tapes were calibrated during January 2014 and January 2015 prior to data collection. Calibration of electric and steel tapes was performed by comparing the tapes to a standardized steel tape used only for calibration (Cunningham and Schalk, 2011) . All water-level data are stored in the USGS Groundwater Site Inventory (GWSI) data storage system and are publicly available from the USGS National Water Information System (NWIS) (U.S. Geological Survey, 2016).
Well locations were measured using Global Positioning System receivers to acquire the horizontal coordinate information (latitude and longitude) based upon the North American Datum of 1983 (NAD 83). Land-surface altitude, measured in feet above National Geodetic Vertical Datum of 1929 (NGVD 29), was determined for each well by superposition of the latitude and longitude of the well on a USGS topographic map and is accurate to about one-half the topographic contour interval of 5 to 10 feet (ft). Herein, all water-level and land-surface altitudes are referenced to NGVD 29. Mapped altitudes for flowing artesian wells represent the pressure head of the water within the well.
The well-numbering system used in this report is based upon the location of the wells according to the Public Land Survey System. The component parts of a well number are the township number and direction; the range number and direction; the section number; and three letters that indicate, respectively, the quarter section, quarter-quarter section, and the quarter-quarter-quarter section in which the well is located; and a sequence number of the well in the quarter-quarterquarter section. The letters are assigned counterclockwise, beginning with "A" in the northeast quarter, quarter-quarter, or quarter-quarter-quarter section. For example, well 01S03W04BBD16 ( fig. 2 ) is located in Township 1 South, Range 3 West, and in the southeast quarter of the northwest quarter of the northwest quarter of section 4. This well is the 16th well in the quarter-quarter-quarter section of section 4 from which data were collected.
Linear Regression
Linear regression analysis was used to determine the annual rise or decline of water levels in selected wells using the well hydrograph. Water-level measurements made yearly during February, March, and April of the minimum 20-year period of record were used in the linear regression analysis. A 20-year minimum period of analysis reduces the effect of localized short-term pumping rates and variations in climate on water levels in a single well. The equation of the regression line or line of best fit is Y = MX + B. The slope, M from the equation, represents the daily rise or decline in water level; B is the water level measured in feet where the line intersects the y-axis; X is time, in years; and Y is the water level, in feet above NGVD 29. Five assumptions are associated with linear regression: (1) Y is linearly related to X, (2) data used to fit the linear regression are representative of data of interest, (3) variance of the residuals is constant and does not depend on X or on anything else, (4) the residuals are independent, and (5) the residuals are normally distributed. The assumption of a normal distribution is involved only when testing hypotheses, requiring the residuals from the regression equation to be normally distributed (Helsel and Hirsch, 2002) .
Geographic Information System (GIS) Methods
Longitude and latitude of wells were obtained from NWIS and encoded using ArcGIS (Esri, 2011) . The encoded data points were used to create potentiometric maps of the Nacatoch and Tokio aquifers by interpolation. This process produces a raster image that assigns a range of values to each color in the image. The image is then 
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Physiographic division boundaries from Fenneman and Johnson (1946) Base from U.S. Geological Survey digital data, 1:100,000 Figure 1 . Location of study areas in the Nacatoch aquifer in northeastern and southwestern Arkansas and the Tokio aquifer in southwestern Arkansas. converted to contour polylines using the raster-to-contour tool. Upon conversion, the contour polylines were corrected and refined using the Polynomial Approximation with Exponential Kernel (PEAK) method of smoothing, which allows for the preservation of endpoints. This algorithm uses the maximum allowable offset to smooth lines (Bodansky and others, 2002 ) and sets a tolerance by which lines are smoothed. A higher tolerance preserves less detail from the original interpolated contour line, and a lower tolerance preserves more detail. A 0.075-decimal degree tolerance was used to smooth the contour lines and to preserve more detail of the original potentiometric contour polylines. All GIS data used to create maps interpreted in this report can be found at Rodgers (2017) .
Water-Level Differences
Water-level difference maps for wells screened in the Nacatoch aquifer in northeastern and southwestern Arkansas and the Tokio aquifer in southwestern Arkansas were created to spatially evaluate short-term (6-7 years) change in water levels. The maps were created using the difference between water-level measurements made in 2008 and 2014-15 for the Nacatoch aquifer and between 2008 and 2014 for the Tokio aquifer. Positive values indicated a rise in water levels; negative values indicated a decline in water levels.
Nacatoch Aquifer
Hydrogeologic Setting
The Nacatoch Sand of Late Cretaceous age comprises the Nacatoch aquifer and is underlain by the Saratoga Chalk and overlain by the Arkadelphia Marl ( fig. 3 ). In the northeastern study area, the Nacatoch Sand subcrops beneath Quaternary alluvial and terrace deposits at its western extent. The altitude of the top of the Nacatoch Sand ranges from 50 to 100 ft above NGVD 29 along the western boundary and dips southeasterly to 1,200 ft below NGVD 29 at the Mississippi River. Petersen and others (1985) found this unit to be approximately 100 ft in thickness at the subcrop and increasing to near 600 ft at the downdip extent of the formation.
In the northeastern study area, the aquifer is composed of fine sand, interbedded clay and limestone in the lower part, and increases in grade to loose fine quartz sand in the upper part (Petersen and others, 1985) . In western Clay and Greene Counties, the aquifer is recharged by precipitation through its outcrop and subcrop areas (Petersen and others, 1985) .
In the southwestern study area, the aquifer crops out in a 3-to 8-mile (mi) wide belt from central Clark County that extends southwesterly toward western Hempstead County.
In Little River County, the aquifer subcrops beneath alluvial and terrace deposits (Boswell and others, 1965) . The highest altitude in the southwestern study area is approximately 300 ft above NGVD 29 in the outcrop and descends southeasterly to about 800 ft below NGVD 29 at the southern extent of the study area. At the outcrop, the Nacatoch Sand is about 100 ft thick and has a maximum thickness of 600 ft (Petersen and others, 1985) .
In the southwestern study area, the Nacatoch Sand is composed of three distinct units. The lower unit contains interbedded gray clay, sandy clay and marl, dark clayey fine-grained sand, and hard irregular concretionary beds with lenses of slightly glauconitic, calcareous, fossiliferous sand (Plebuch and Hines, 1969) . The middle unit is composed of dark-green sand with coarse glauconite grains. The unit is fossiliferous where it is glauconitic and contains irregular concretionary beds (Plebuch and Hines, 1969) . The upper unit is the primary water-bearing unit (Counts and others, 1955; Plebuch and Hines, 1969; Ludwig, 1972; Kresse and others, 2014) and consists of gray, fine-grained, unconsolidated quartz sand that is commonly cross-bedded. The sand has a few locally hard lenses, is massive, and has beds of fossiliferous, sandy limestone.
Recharge of the Nacatoch aquifer in the southwestern study area occurs by precipitation in the outcrop in Clark, Hempstead, and Nevada Counties and through alluvium and terrace deposits in Little River County. The aquifer supplies water to northeastern Clay and Greene Counties, southern Clark County, central Hempstead County, southeastern Little River County, northern Miller County, and northwestern Nevada County.
In the valleys of Clark and Nevada Counties, artesian wells within the Nacatoch aquifer can yield from 1 to 2 gallons per minute (gal/min). Wells in Hempstead and western Nevada Counties can yield 150 to 300 gal/min (Counts and others, 1955) . Groundwater flow in general is to the southeast, but an increase in clay content in the downdip direction in Lafayette, Miller, and Nevada Counties may influence flow direction. A well test in the aquifer at Hope indicated a transmissivity of 3,600 gallons per day per foot (Ludwig, 1972) .
Estimated withdrawals from the Nacatoch aquifer in the northeastern study area rose 564 percent from 0.25 million gallons per day (Mgal/d) in 1965 to 1.66 Mgal/d in 2010, with a maximum usage of 2.21 Mgal/d in 1990 (fig. 4; Holland, 1993 Holland, , 1999 Holland, , 2004 Holland, , 2007 Schrader and Rodgers, 2013; Pugh and Holland, 2015) . Withdrawals from the southwestern study area reached a peak of 4.75 Mgal/d in 1980 (fig. 5 ) and declined by 85 percent to less than 1 Mgal/d by 2010. This decline has been attributed to public water supplies converting to surface-water sources and relying less on groundwater sources (Holland and Ludwig, 1981; Holland, 1987 Holland, , 1993 Holland, , 1999 Holland, , 2004 Holland, , 2007 Schrader and Rodgers, 2013) . Withdrawal data from the aquifer were not reported for several counties and appear as 0.00 Mgal/d in the record. From Renken, 1998. 3 North of 35°N latitude, the Sparta Sand, Cane River Formation, and Carrizo Sand are undifferentiated and referred to regionally as the Memphis Sand (Counts, 1957; Cushing and others, 1964; Payne, 1972; Petersen and others, 1985; Hart and others, 2008 
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Water-use data from Halberg and Stephens, 1966; Holland and Ludwig, 1981; and Holland, 1987 and Holland, , 1993 and Holland, , 1999 and Holland, , 2004 and Holland, , 2007 Pugh and Holland, 2015 Withdrawals, in million gallons per day Figure 5 . Estimated withdrawals by county from the Nacatoch aquifer for the southwestern study area.
Potentiometric Surface
In the northeastern study area ( fig. 6 ), groundwater flows southeasterly toward the Mississippi River from a potentiometric high of 275 ft above NGVD 29 in northcentral Clay County to a potentiometric low of 230 ft above NGVD 29 in northeastern Greene County (table 1). The direction of groundwater flow has not changed since the 2013 potentiometric mapping of the northeastern Nacatoch aquifer (Schrader and Rodgers, 2013) .
The direction of groundwater flow varies in the southwestern study area. In Hempstead, Little River, and Nevada Counties, groundwater flow is towards the south and southeast ( fig. 7) . In Clark County, groundwater flow is towards the east and southeast. In western Miller County, groundwater flows north toward the Red River from a water-level altitude of 293 ft above NGVD 29. The highest water-level altitude measured was 423 ft above NGVD 29 in the outcrop area of the Nacatoch aquifer in western Hempstead County. A water-level altitude of 160 ft was measured near Hope in southern Hempstead County, indicating a cone of depression may exist ( fig. 7 ). Water levels in wells near the Hope area have been less than 185 ft above NGVD 29 since at least 1942 (Ludwig, 1972; Schrader and Scheiderer, 2004) . The apparent cone of depression alters groundwater flow from the regional direction with groundwater flowing from the north, northeast, and west toward Hope. Another cone of depression exists in southern Clark County and is probably drawdown related to public supply use in the area. All data in support of this report can be accessed from the USGS NWIS (U.S. Geological Survey, 2016). 
Water-Level Trends
Water-Level Differences from 2008 to 2014-15
Water levels rose in 29 of the 51 measured wells in the Nacatoch aquifer (table 2) . Differences in water levels in the two study areas ranged from a rise of 35.14 ft in Clark County to a decline of 14.76 ft in Nevada County, both located in southwestern Arkansas. In the northeastern study area, water levels generally have risen since 2008 ( fig. 8) . In Clay County, water-level changes ranged between a decline of 3.27 ft in well 21N07E25AAC1 and a rise of 7.62 ft in well 20N08E10ABC1 (table 2) . In Greene County, water-level changes ranged from a decline of 0.19 ft to a rise of 3.87 ft.
In the southwestern study area, water levels rose in 21 of the 39 wells measured ( fig. 9) [Schrader and Rodgers, 2013] ; and 156 ft above NGVD 29 in 2014). Water-level changes in other wells screened in the aquifer are minor in comparison to those published in previous studies. The largest rise in water levels (35.14 ft) was in Clark County well 09S20W31CAD1, whereas the largest decline in water levels (14.76 ft) was in Nevada County well 11S22W08DDB4.
In Hempstead County, the highest rise (28.44 ft) was found in the southern part of the county (well 14S25W04DDD1), and the largest decline (14.09 ft) was found in the south-central part of the county (well 13S25W05ABD1). Of the four wells measured in Miller County, water levels declined in three wells. The largest decline (9.52 ft) was found in northeastern Miller County well 14S28W34CDC1. Of the wells measured in the southwestern study area, three were artesian wells. 
Long-Term Water-Level Changes
Evaluation of long-term data indicates declining water levels in wells screened in the Nacatoch aquifer in both northeastern and southwestern Arkansas. Water-level trends for Clay County well 20N08E10ABC1 (fig. 10A,) . 4) (Halberg and Stephens, 1966; Holland and Ludwig, 1981; Holland, 1987 Holland, , 1993 Holland, , 1999 Holland, , 2004 Holland, , 2007 Pugh and Holland, 2015) . Water-level trends for Greene County well 18N06E14CCD1 ( fig. 10B) fig. 4) (Halberg and Stephens, 1966; Holland and Ludwig, 1981; Holland, 1987 Holland, , 1993 Holland, , 1999 Holland, , 2004 Holland, , 2007 Pugh and Holland, 2015) .
The water-level hydrograph for Clark County well 08S19W09ACC1 ( fig. 11A) (Halberg and Stephens, 1966; Holland and Ludwig, 1981; Holland, 1987 Holland, , 1993 Holland, , 1999 Holland, , 2004 Holland, , 2007 Pugh and Holland, 2015) .
The water-level hydrograph for Clark County well 09S20W16DDC1 ( fig. 11B) indicates an overall annual decline of 0.33 ft/yr. However, since 1986, water levels have risen approximately 0.44 ft/yr. In 2011, water-level values returned to the 1970 water level when the well was initially measured, which indicates a decline in water use at this well.
The water-level hydrograph for Nevada County well 11S22W08DAC2 ( fig. 11C) indicates an annual rise of 2.74 ft/yr. Between 1985 and 1990, water use declined from 1.11 Mgal/d to 0.44 Mgal/d (Holland, 1987 (Holland, , 1993 (Holland, , 1999 (Holland, , 2004 (Holland, , 2007 Pugh and Holland, 2015) (fig. 5 ), which coincided with a rise in water levels. Since 1986, water levels in the well have risen 0.33 ft/yr.
The water-level hydrograph for Miller County well 14S28W13CCB1 ( fig. 11D ) indicates an annual decline of 0.18 ft/yr since 1986. Withdrawals in Miller County have remained relatively stable since 2005 (Holland, 2007; Schrader and Rodgers, 2013) . 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2015 Water level, in feet,above National Geodetic Vertical Datum of 1929 YEAR
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Tokio Aquifer Hydrogeologic Setting
The Tokio aquifer is stratigraphically below the Nacatoch aquifer and is separated by five stratigraphic units, listed here in descending order: Saratoga Chalk, Marlbrook Marl, Annona Chalk, Ozan Formation, and Brownstown Marl (fig. 2) . These five units can reach a thickness of as much as 900 ft and are rarely used as water sources (Cushing and others, 1964) . The Tokio aquifer is formed by the Tokio Formation in Clark, Pike, Hempstead, Howard, Sevier, and Little River Counties (Miser and Perdue, 1918) and by the Woodbine Formation in Little River, Sevier, Howard, and northwestern Hempstead Counties (Boswell and others, 1965) that are all of Cretaceous age ( fig. 3) . Rocks forming the Tokio aquifer unconformably overlie consolidated rocks of Mississippian and Pennsylvanian age in Clark and northeastern Nevada Counties (Plebuch and Hines, 1969) and the Trinity Group of Early Cretaceous age in Pike, Nevada, Miller, and most of Hempstead Counties (Petersen and others, 1985) . The aquifer is not present in the northeastern part of Arkansas (Kresse and others, 2015) and crops out in a southwest-to-northeast trending band from eastern Sevier County to west-central Clark County. The outcrop attains a maximum width of about 10 mi in Howard County and extends approximately 8 mi to the southwest into Sevier County. In this area, the aquifer is overlain in several places by terrace deposits of Quaternary alluvium. The unit ranges in thickness from about 50 ft to more than 300 ft, dips toward the southeast, and is composed of discontinuous, interbedded gray clay and poorly sorted, cross-bedded quartz sands, lignite, and basal gravel (Counts and others, 1955; Boswell and others, 1965; Plebuch and Hines, 1969; Petersen and others, 1985) .
The Tokio aquifer yields potable water to wells in eastern Little River County, southeastern Sevier County, southern Howard and Pike Counties, western Clark County, northern and central Hempstead County, and northwestern Nevada County. Wells penetrating the aquifer range in depth from a few feet in the outcrop area to about 1,200 ft at Hope and Prescott (Ludwig, 1972) . Wells in central Hempstead County yield as much as 300 gal/min. Artesian wells, which produce as much as 90 gal/min, are in the bottom-land areas adjacent to streams (Counts and others, 1955) . Historical records indicate that water levels in wells screened in the aquifer did not decline appreciably from 1959 to 1968, and that water levels were not greatly affected by withdrawal of water at Hope and Prescott during this period (Ludwig, 1972) .
Estimates (Halberg and Stephens, 1966; Holland and Ludwig, 1981; Holland, 1999 Holland, , 2004 Holland, , 2007 Pugh and Holland, 2015) . 
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Water-use data from Halberg and Stephens, 1966; Holland and Ludwig, 1981; and Holland, 1987 and Holland, , 1993 and Holland, , 1999 and Holland, , 2004 and Holland, , 2007 Pugh and Holland, 2015 Figure 12. Estimated withdrawals by county from the Tokio aquifer for the southwestern study area. Recharge to the aquifer is from precipitation where it crops out or is overlain by permeable alluvial and terrace deposits. At the outcrop, the soil is weathered to a sandy consistency that facilitates the percolation of rain and surface water into the sand (Counts and others, 1955) . The aquifer yields freshwater to within a few miles north of Ashdown in Little River County then increases in salinity downdip (southeast) from near Prescott to the fault zone trending across Nevada County (Petersen and others, 1985) .
Potentiometric Surface
The potentiometric surface indicates that groundwater flow in the Tokio aquifer, in general, is perpendicular to contour lines in the direction of the downward hydraulic gradient, toward the city of Hope. In east-central Howard County, groundwater flows from a water-level altitude of 491 ft above NGVD 29 in the outcrop area to a water-level altitude of 105 ft above NGVD 29 approximately 5 mi northwest of the city of Hope (table 3), in Hempstead County. In southwestern Pike, northwestern Nevada, and southeastern Hempstead Counties, an area of artesian flow exists as evidenced by five flowing artesian wells. Northwest of the city of Hope, an apparent cone of depression exists, which may be a result of groundwater withdrawal in the area ( fig. 13 ). Waterlevel data were not available for the area south of Hope.
Water-Level Trends
Water-Level Differences from 2008 to 2014
Water-level differences between measurements from 2008 and 2014 in 37 wells show a decline in more than half of the measured wells ( fig. 14; table 4 ). The largest waterlevel rise was 21.34 ft in Hempstead County, and the largest water-level decline was 39.37 ft in Clark County (table 4) . In general, there were declines in Hempstead and Nevada Counties and water-level rises in Sevier County.
In Clark County, no overall trend existed between 2008 and 2014. Of the four water-level difference values calculated, two water levels rose and two water levels declined. The greatest rise (9.64 ft) was measured in well 09S22W05BBB1 located near the Saline River. The greatest decline (39.37 ft) occurred near the outcrop area in well 08S22W15ABB2. Analysis of water-use trends in the area of water-level decline does not provide a reason for the decline. Water levels declined in both wells measured in Nevada County. Water levels declined by 2.43 ft in well 11S22W08DAC8 and 1.57 ft in well 12S21W28ADA1.
Of the 16 wells measured in Hempstead County, water levels declined in 11 wells and rose in 5 wells. Water-level changes ranged from a decline of 27.83 ft in well 12S24W06DAD1 to a rise of 21.34 ft in well 12S27W05AAC1 in west-central Hempstead County. Water levels in three wells in or near the outcrop area indicated a rise in water levels.
Water levels rose in 5 of the 9 wells measured in Howard County. The rise in water levels ranged from 18.78 ft in well 10S27W02ACD1 in southeastern Howard County to 2.14 ft in well 09S27W03DBD1 in the outcrop area of the Tokio aquifer in east-central Howard County. Water-level declines in southern Howard County are in or near the outcrop area with values ranging from 4.86 ft in well 09S27W10BCB1 to 0.10 ft in well 09S27W18ADB1. Water-level rises in three wells in southern Sevier County ranged from 1.06 ft in well 11S29W13CCD1 to 5.40 ft near the Saline River in well 10S28W31DCC1.
Long-Term Water-Level Changes
The water-level hydrograph for Hempstead County well 09S23W33CDA1 ( fig. 15A) indicates an annual decline of 0.03 ft/yr from 1986 to 2014. The water-level hydrograph of Hempstead County well 09S26W18CBB1 ( fig. 15B) indicates an annual decline of 0.22 ft/yr since 1986. The water-level hydrograph for Hempstead County well 12S24W06DAD1 ( fig. 15C ) indicates an annual waterlevel decline of 2.56 ft/yr over the 43-year period of record. Since 1986, the water level has declined 3.10 ft/yr. The decline in water level may be associated with increased withdrawals from the Tokio aquifer in Hempstead County (Schrader and Rodgers, 2013) as evidenced by an apparent cone of depression near Hope where a large decline in water level between 2008 and 2014 (27.83 ft.) is observed. Factors such as climatic change or leakage to and from overlying and underlying rock units may have also contributed to the fluctuation in the measured water levels. 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2015 Water 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2015 Water 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2015 Water 
Summary
A water-level survey conducted in 2014-15 in the Nacatoch and Tokio aquifers indicates that water levels in both aquifers have changed over time. Short-term data (2008 Short-term data ( compared to 2014 indicate that water levels increased in over half of the measured wells in the Nacatoch aquifer; however, long-term trends show an overall decrease in water levels. In the Tokio aquifer, short-term data indicate a decline in water levels measured in wells since 2008; however, long-term data from wells showed both decreasing and increasing trends. When compared to previous potentiometric surfaces for both aquifers in 2013, regional groundwater flow direction has not changed. However, both aquifers had cones of depression near the city of Hope that are likely a result of groundwater withdrawals for agricultural, domestic, industrial, and public use, and these cones have altered the local flow direction. Long-term monitoring of groundwater is important to water resource managers because the data can be used to identify sources of waterlevel fluctuations that result from changes in withdrawal, climate, and interaction with overlying and underlying rock units.
